INTRODUCTION
Pancreatic cancer is one of the leading causes of cancer-related deaths worldwide, with an overall 5-year survival rate of < 5%. More than 80% of patients present with advanced or metastatic disease [1, 2] . For patients with locally advanced or metastatic disease, gemcitabine plus nab-paclitaxel therapy has improved overall survival (OS) of patients compared with gemcitabine monotherapy and is therefore the currently recommended first-line treatment (median OS 8.7 mo vs 6.6 mo, respectively, P < 0.0001; hazard ratio (HR) 0.72) [3] . A combination of chemotherapy drugs 5-fluorouracil (5-FU), leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) therapy also showed improved progression-free survival (PFS) and OS compared with gemcitabine monotherapy in patients with metastatic pancreatic cancer with good performance status (PS) (median PFS 6.4 vs 3.3 mo, P < 0.001; median OS 11.1 vs 6.8 mo, P < 0.001) [4] . This regimen is therefore considered as an alternative first-line treatment option for patients with pancreatic cancer, as it is associated with good PS.
As a second-line treatment after progressive disease following gemcitabine-based chemotherapy, the 5-FU/leucovorin + nanoliposomal irinotecan treatment showed promising clinical outcomes in the NAPOLI-1 trial; however, it is considered only for patients with Eastern Cooperative Oncology Group (ECOG) PS 0-1, due to treatmentrelated toxicity [5, 6] . To date, treatment with fluoropyrimidine-based combination regimens in gemcitabine-refractory pancreatic cancer patients with poor PS, is controversial.
Capecitabine, a prodrug of 5-FU, is one of the options as a second-line agent after gemcitabine failure in patients with pancreatic cancer and poor PS [7] . Capecitabine has shown a relatively good response as a first-line treatment in patients with metastatic pancreatic cancer, with a response rate of 24% [7, 8] . S-1 is a fourth-generation oral fluoropyrimidine that combines tegafur (5-FU prodrug) with two modulators, 5-chloro-2,4-dihydroxypyridine (gimeracil) and potassium oxonate (oteracil) in a molar ratio of 1 : 0.4 : 1. According to some randomized studies, S-1 as second-line chemotherapy in gemcitabine-pretreated advanced pancreatic cancer showed a relatively high disease control rate, and was well tolerated with acceptable toxicity [9, 10] .
In this study, we retrospectively analyzed the comparable efficacy and toxicity of capecitabine or S-1 as a second-line treatment in patients with advanced or metastatic pancreatic cancer.
MATERIALS AND METHODS

Patients
From January 2011 to December 2018, we analyzed the medical records of patients diagnosed with pancreatic cancer in our Department of Oncology. Patients aged at least 19 years, with histologically confirmed, locally advanced, recurrent or metastatic pancreatic adenocarcinoma, who were previously treated with gemcitabine-based first-line chemotherapy, were eligible for this study if they met the following inclusion criteria: ECOG PS 0-2; measurable or evaluable lesions according to the Response Evaluation Criteria in Solid Tumors (RECIST version 1.0) criteria; progression of disease with gemcitabine-based chemotherapy as first-line therapy; adequate hematological, liver, and renal functions (hemoglobin > 9.0 g/dL, white blood cell count > 4000/mm 3 , absolute neutrophil count > 1000/mm 3 , platelet count > 100000/mm 3 , total bilirubin < 1.5-fold higher than the upper normal limit, serum transaminase < 3-fold higher than the upper normal limit, creatinine < 1.5-fold higher than the upper normal limit).
Treatment
Capecitabine was given orally as a 2500 mg/m 2 divided dose for 14 d, followed by a 7-d rest. S-1 was taken orally based on the patient's body surface area (BSA) (60 mg twice daily for a BSA > 1.5, 50 mg twice daily for a BSA 1.25-1.5, and 40 mg twice daily for a BSA < 1.25) for 28 days, followed by a 14-d rest. This treatment course was repeated until disease progression, unacceptable toxicities, or patient's refusal to continue. Chemotherapy dose adjustments were allowed.
Tumor responses to treatment were evaluated every 3 cycles in the capecitabine group and every 2 cycles in the S-1 group. Toxicity was assessed after chemotherapy for every cycle. Imaging evaluations were performed with computed tomography and magnetic resonance imaging at the discretion of the attending physician. Imaging tests were analyzed by radiologists at our institution according to RECIST version 1.0.
Toxicities were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 4.0. Chemotherapy dose intensity was the total amount of drug given in a fixed unit of time (cumulative dose/treatment duration).
This study was approved by the Institutional Review Board of The Catholic University of Korea, Seoul St. Mary's Hospital (KC18RESI0535).
Statistical analysis
Responses were assessed objectively according to RECIST version 1.0. The objective response rate represented the percentage of patients with a complete response (CR) or partial response (PR) among those with measurable lesions. The primary endpoint was PFS, defined as the time interval between capecitabine or S-1 treatment initiation and time of disease progression based on imaging studies or death, whichever occurred first. OS was estimated from the date of capecitabine or S-1 initiation to the date of death or last follow-up visit. Time to treatment failure (TTF) was measured from the date of capecitabine or S-1 initiation to the date of last administration due to disease progression, unacceptable toxicity, or cancer-related complications.
Kaplan-Meier analysis was performed for both treatment groups to obtain median OS and median PFS. The HR and 95% confidence intervals (CIs) for OS and PFS were estimated using a stratified Cox regression model. Relative dose intensity was calculated as the ratio between administered dose and planned dose, expressed as a percentage. Statistical significance was considered when P values < 0.05 (two-sided). Statistical analyses were performed using IBM SPSS for Windows version 24.0 (IBM SPSS Inc., Armonk, New York, United States) and GraphPad Prism version 8.0 (GraphPad Software Inc., San Diego, CA, United States).
RESULTS
Patient characteristics
From January 1, 2011 to December 31, 2018, a total of 81 patients were found to be eligible for this study. Forty-one patients were treated with capecitabine and 40 were treated with S-1. Patient baseline characteristics in the two groups were well balanced ( Table 1) . Median age was 61 years (range 39-77 years) in the capecitabine group and 63 years in the S-1 group (range 41-78 years). Nearly one-quarter of the patients in both groups exhibited ECOG PS 2. Although not statistically significant, the capecitabine group had more patients with lesions that were initially unresectable compared with the S-1 group. (56% vs 35%, respectively, P = 0.057). As first-line chemotherapy, gemcitabine plus erlotinib was given to most patients in the capecitabine group (76%), and gemcitabine plus nab-paclitaxel was given to most patients in the S-1 group (60%). Overall, 1 (2%) of 41 patients in the capecitabine group and 4 (10%) of 40 patients in the S-1 group had received two or more previous lines of therapy.
Treatment results and efficacy
The median duration of treatment for capecitabine was 1.7 mo and for S-1 it was 2.0 mo. Median relative dose intensity was 0.92 in the capecitabine group and 1.0 in the S-1 group, with no statistically significant difference (P = 0.986, Table 2 ). The median TTF in both groups was 1.5 mo (range: Capecitabine 0.5-6.7 mo, S-1 0.3-5.7 mo, P = 0.425). As of April 2019, the median duration of follow-up was 2.8 mo (1.1-12.1 mo) in the capecitabine group and 4.8 mo (0.6-14.2 mo) in the S-1 group.
The objective response rate was 9.8% (PR = 4) in the capecitabine group and 2.5% (PR = 1) in the S-1 group with no statistical difference between the two groups (P = 0.359, Table 3 ). PFS was shorter in the capecitabine group (median 2.0 mo; 95%CI 1.5-2.4) than in the S-1 group (median 2.7 mo; 95%CI 2.4-2.8). The stratified HR for disease progression or death was 1.90 (95%CI 1.20-3.01; P = 0.003). ( Figure 1A ). There were no statistical differences in OS between the two treatment groups. The median OS was 4.3 mo (95%CI 2.9-5.7) in the capecitabine group compared with 5.0 mo (95%CI 2.8-7.1) in the S-1 group (HR for death 1.49; 95%CI 0.94-2.35, P = 0.092) ( Figure  1B) .
In the capecitabine group, median PFS was 2.1 mo (95%CI 1.4-2.8) for the 5-FUexposed group and 1.9 mo (95%CI 1.4-2.4) for the 5-FU-unexposed group (HR for disease progression 0.89; 95%CI 0.47-1.7, P = 0.720) (Figure 2A ). Median OS was 5.0 mo (95%CI 1.6-8.4) for the 5-FU-exposed group, and 3.6 mo (95%CI 1.9-5.3) for the 5-FU-unexposed group (HR for death 0.83; 95%CI 0.44-1.57, P = 0.492) ( Figure 2C ). In the S-1 group, median PFS was 2.8 mo (95%CI 2.4-3.1) for the 5-FU-exposed group and 2.7 mo (95%CI 2.2-3.1) for the unexposed group (HR for disease progression 0.69; 95%CI 0.36-1.33, P = 0.205) ( Figure 2B ). Median OS for the 5-FU-exposed group was 6.5 mo (95%CI 3.9-9.0) and for the 5-FU-unexposed group it was 3.4 mo (95%CI 1.5-5.4) (HR for death 0.71; 95%CI 0.36-1.41, P = 0.172) ( Figure 2D ). In both groups, 5-FU exposure did not affect statistical differences in median PFS and OS. Table 4 summarizes the treatment-related toxicity profiles of each treatment group. There were no treatment-related deaths. There was no grade 3 or 4 neutropenia in either group. Hand-foot syndrome (HFS) was the most common grade 3 or 4 toxicity in the capecitabine group (14.6%, 6 of 41 patients); however, in the S-1 group, stomatitis and nausea were the most common grade 3 or 4 toxicities (2.5%, 1 of 40 patients for each). Occurrence of most adverse events were similar in both groups, with the exception of grade 3 or 4 HFS, which was significantly more common in the capecitabine group than in the S-1 group (14.6% vs 0%, respectively, P = 0.026).
Toxicity
DISCUSSION
The results of our study showed that median OS did not differ statistically in the two groups; however, median PFS was statistically longer in the S1 group than in the capecitabine group. The difference in PFS results in the two groups may be due to differences in duration of response evaluation. In the capecitabine group, 23 (58%) patients were evaluated for treatment response earlier than the scheduled assessment, while in the S-1 group, 17 (43%) patients were evaluated earlier (P = 0.221). In addition, the proportion of initially unresectable patients at diagnosis was higher in the capecitabine group than in the S-1 group, although not statistically significant (56% vs 35%, respectively, P = 0.057). This imbalance in patient characteristics may have resulted in a more favorable outcome in the S-1 group. Pancreatic cancer remains a deadly disease that is rarely cured, except in cases of complete resection. The cancer carries a dismal prognosis among patients with locally advanced or metastatic disease [11] . Gemcitabine plus nab-paclitaxel or FOLFIRINOX are recommended as first-line therapy for advanced pancreatic cancer, but FOLFIRINOX is generally favored in patients with good PS [3, 4] .
Patients with advanced pancreatic cancer who are refractory to gemcitabine-based therapy have a dismal prognosis and limited therapeutic options, consisting of 5FU/leucovorin plus nanoliposomal irinotecan or FOLFIRINOX. Despite the good response rate of 5-FU/leucovorin plus nanoliposomal irinotecan or FOLFIRINOX, these regimens are not considered as optimal treatment options for elderly patients or those with poor PS due to the associated toxicity. Assessment of a patient's symptom burdens, PS, and associated comorbidities are important considerations in selecting the most appropriate chemotherapy. Therefore, for elderly patients or those with a poor PS, chemotherapy regimens with less toxicity should be considered.
Immune checkpoint inhibitors are also known to be less toxic and can be used in such patients. As a single agent, immune checkpoint inhibitors have shown limited response in patients with pancreatic cancer [12] [13] [14] . However, immune checkpoint inhibitors such as pembrolizumab may be effective in tumors, including pancreatic [15, 16] . Hence, there is a need to identify dMMR or MSI status in patients with pancreatic cancer and poor PS after gemcitabine failure, to confirm whether the immune checkpoint inhibitor will be effective. However, immune checkpoint inhibitors are limited because they can be used only in a few selected patients.
Oral fluoropyrimidine treatment, such as capecitabine or S-1, can be a second-line treatment option for patients with poor PS or those who are elderly, due to less severe hematologic or non-hematologic adverse events compared with intravenous cytotoxic agents [7, 9] . Capecitabine has shown favorable efficacy and tolerable toxicity as a firstline treatment for metastatic pancreatic cancer according to a previous clinical study, and can be considered in patients with poor PS, due to the convenience of oral administration [7] . S-1 is another prodrug of 5-FU that can reduce gastrointestinal toxicity, and has been shown to have a relatively favorable response rate as a secondline treatment for patients with advanced pancreatic cancer [9, 10] . However, no studies have compared the efficacy and toxicity of the two regimens as second-line chemotherapy treatments for patients with advanced pancreatic cancer.
In the current study, capecitabine and S-1 showed similar response rates, that were not significantly different from those reported in previous studies. Also, there was no statistically significant difference in median OS. The safety profile for both regimens was consistent with those reported previously [7, 9] . Prior clinical studies have suggested that 5-FU prodrugs containing dihydropyrimidine dehydrogenase inhibitors such as S-1 or uracil/tegafur can reduce the incidence of HFS [17] . In this study, HFS was significantly less common in the S-1 group than in the capecitabine group, consistent with previous studies [18, 19] . Although HFS is not life-threatening, it can significantly impair a patient's daily activities and decrease their quality of life. Therefore, S-1 could be beneficial for patients who experience intolerable HFS while on capecitabine treatment.
Previous 5-FU exposure may affect the efficacy of capecitabine or S-1; however, in this study 5-FU exposure did not affect median PFS and OS. This result may due to the fact that most 5-FU exposure was from adjuvant chemotherapy and therefore patients did not develop resistance to 5-FU.
At approximately 1.5 mo, median TTF did not differ significantly between the capecitabine and S-1 groups (P = 0.425). However, both agents showed shorter TTF compared to other chemotherapy regimens (gemcitabine: 3.6 mo, gemcitabine plus nab-paclitaxel: 5.1 mo, 5FU/leucovorin plus nanoliposomal irinotecan: 2.3 mo) [3, 5] . The causes of TTF were progressive disease (56.8%), cancer-related complications (24.7%), intolerance (16.0%), and toxicity (2.5%). Gastrointestinal obstruction (11.1%) and cholangitis (8.6%) were the main causes of cancer-related complications. Because treatment failure was more likely to be caused by cancer-related complications than by intolerance or toxicity, it may be important to continue chemotherapy with appropriate management of cancer-related complications.
Our study has some limitations, the first being the non-randomized, retrospective nature of evaluation. The small sample size from a single-center study is another limitation. Third, patients in the capecitabine group generally underwent response evaluation every 9 wk, while those in the S-1 group were evaluated for response at various intervals (every 6 or 12 wk). In addition, the proportion of patients in whom response was evaluated earlier than scheduled was higher in the capecitabine group than in the S-1 group; results for PFS may therefore not be comparable due to this different timing.
In conclusion, this is the first retrospective study to compare the efficacy and safety of capecitabine and S-1 as second-line therapy in patients with gemcitabine-refractory pancreatic cancer. Although the retrospective nature of the study and the small number of patients are major limitations, capecitabine and S-1 showed similar efficacy and safety for patients with gemcitabine treatment failure. However, HFS was significantly more common in the capecitabine group. This study can act as a pilot study for initiation of a large sample, multicenter study. To confirm our preliminary results, we need a randomized study to compare the efficacy of capecitabine and S-1 for gemcitabine-refractory pancreatic cancer patients with poor PS. 
